Introduction
The precise etiology of ulcerative colitis (UC) and Crohn's disease which are the two types of inflammatory bowel disease is unclarified, which may be due to a genetic vulnerability, immunologic abnormalities and environmental effects that eventually result in inflammation in the colon, characterized by bleeding, severe diarrhea, abdominal pain, fluid and electrolyte loss [1] .
UC is associated with an elevation in specific inflammatory mediators and signs of oxidative stress [2] . The inflammatory response in UC and Crohn's disease is regulated by different cytokines secreted by activated dendritic cells and macrophages, with subsequent activation in the adaptive immune response through triggering and differentiation of many T cells. In UC, impaired T cell regulation is implicated with an imbalance of Treg/Th1, Th2 and Th17 cells in the activated state. The deficiency of proper regulation Objective: To evaluate the antioxidant, immunomodulatory and anti-inflammatory activities of pyrrolidine dithiocarbamate and saxagliptin in rats with thioacetamide-induced ulcerative colitis. Methods: Animals were orally administered with a vehicle, sulfasalazine (500 mg/kg), pyrrolidine dithiocarbamate (100 mg/kg), and saxagliptin (10 mg/kg) for two weeks. Ulcerative colitis was induced by a single intrarectal instillation of thioacetamide on day 8. Colon samples were collected to assess mitogen-activated protein kinase (MAPK), phosphorylated extracellular signal-regulated kinase (ERK), cAMP response element-binding protein (CREB), interleukin-12 (IL-12), caspase-3, 毬 -defensin, inducible nitric oxide synthase (iNOS) and glucagon like peptide-1 (GLP-1). Moreover, histopathological examination was performed. Results: Rats treated with thioacetamide caused increases in colonic MAPK, phosphorylated ERK, CREB, caspase-3, IL-12, 毬 -defensin, iNOS, as well as decreases in body weight and GLP-1. In addition, distortion of colonic structure was found by histopathological examination. Pyrrolidine dithiocarbamate and saxagliptin mitigated colitis severity by improving body weight decrease and GLP-1, and reducing colonic MAPK, phosphorylated ERK, CREB, caspase-3, IL-12, 毬 -defensin and iNOS. Conclusions: Pyrrolidine dithiocarbamate and saxagliptin are efficient against thioacetamide induced colitis through improving inflammatory and oxidative changes. Original Article from T cells, or overproduction of effector T cells, contributes to the development and exacerbation of UC [3] .
The definite mechanism of the disease has not been well studied. The mucosa acts as a protective barrier, both microbial pathogens and ingested materials stimulate oxidative stress and gastrointestinal inflammation with the involvement of epithelial immune and inflammatory cells. UC is caused by either ROS overproduction or a decline in antioxidant activity in the inflamed lamina propria [4] . Moreover, inducible nitric oxide synthase (iNOS) causes injury in the colonic tissue, as it stimulates colonic TNF-毩 generation, which further develops neutrophilic infiltration, promoting tissue proliferation and damage by overproduction of intracellular adhesion molecule and P-selectin [5] .
Moreover, the signaling pathways such as mitogen-activated protein kinase (MAPK) are stimulated in oxidative status. MAPKs are protein kinases (extremely conserved both serine/threonine) which play a vital role in many essential cellular processes, such as growth/proliferation, differentiation, motility, and apoptosis/survival, and also stress response [6] . Ordinary MAPKs include several types of extracellular signal-regulated kinases (ERK) such as 1, 2 and 5. Mitogens, stresses, and growth factors stimulate the activation of MAPK kinase (MAPKK) kinases (MAPKKKs) by either receptordependent or independent mechanisms, followed by phosphorylation and activation of the produced MAPKK and then MAPKs. The activated MAPKs give rise to phosphorylation and activation of specific target protein kinases [7] .
The dithiocarbamates are antioxidants with powerful NF-毷 B inhibitory influence. Pyrrolidine dithiocarbamate (PDTC) which is the most effective one, attenuates inflammation, as manifested by a marked drop in polymorphonuclear cell infiltration, iNOS activity, with a subsequent decline in NO production, in addition to decrease in lipid peroxidation and interleukin-1 毬 and TNF-毩 levels [8] .
Dipeptidyl peptidase-4 is considered as a key regulator of incretin hormones, which inactivates gut incretin hormone GLP-1 and boosts insulin release via enhancing 毬 cell proliferation and diminishing its apoptosis [9] . Dipeptidyl peptidase-4 inhibitors decrease IFN-毭 and IL-2 generation so they suppress both mitogen/antigen-stimulated T-cell activation and proliferation [10] . Moreover, they trigger AMPactivated protein kinase signaling [11] . 
Materials and methods

Animals
Drugs
Thioacetamide (TAA), saxagliptin, PDTC and sulfasalazine were obtained from Sigma-Aldrich (USA). TAA was freshly prepared by being dissolved in distilled water and was given by rectal instillation (4% solution) [12] . Sulfasalazine, PDTC and saxagliptin were dissolved in 1% methylcellulose, normal saline and ethanol, respectively and given to rats by oral gavage using oral feeding tube in the following doses 500, 100 and 10 mg/kg, respectively [13] [14] [15] .
Experimental design
Rats were randomly assigned to five groups, each with eight rats: Group 1 received vehicle; Group 2 received TAA 4% single dose by rectal instillation (TAA group); Group 3 received sulfasalazine (500 mg/kg) orally for 14 d [13] ; Group 4 received PDTC (100 mg/ kg) orally for 14 d [14] , and Group 5 received saxagliptin (10 mg/kg) orally for 14 d [15] . The induction of colitis was performed on day 8 in all groups except for vehicle group by rectal instillation of TAA.
Induction of colitis
TAA was used to induce experimental colitis, after 36 hours of fasting with free tap water access. Rats were exposed to light anesthesia with ether. About 3 mm diameter polyethylene catheter was fixed in a 1-mL syringe, and inserted into the colon, the catheter's tip was 8 cm proximal to the anus, in a head-down position. About 0.4 mL of TAA, dissolved in distilled water solution (4% solution v/v), was instilled slowly into the lumen of the colon, in a head-down position. The catheter was held in its place for 30 s and then gently removed after delivering the required dose. Each rat was kept in this position for another 30 s in order to prevent the leakage of the solution being instilled. Afterward, treated rats were kept in cages and allowed to have free access to water and food till the day of sacrifice.
Assessment of body weight change
In order to determine whether the experimental colitis affected body weight or not, rats weights were immediately recorded before colitis induction on day 8 and just before euthanization on the last day of the experiment. The difference between the two weights expresses the change in animal body weight.
Preparation of tissue samples
The homogenization of the distal colon specimen was performed in ice-cold saline, by glass homogenizer (Heidolph Diax 900, Germany) and 10% (w/v) homogenate was obtained. Cooling centrifuge (Hettich universal 32A, Germany) was used to centrifuge this homogenate at 13 000 rpm for 30 min at 4 曟 to get rid of cell debris and nuclei. The resultant supernatant was used for the evaluation of biochemical parameters: MAPK, phosphorylated extracellular signal-regulated kinase (PERK), cAMP response element-binding protein (CREB), glucagon-like peptide-1 (GLP-1), and inflammatory markers: interleukin (IL)-12 and 毬 -defensin. in addition to oxidative stress parameters, iNOS. Moreover, caspase-3, a marker of apoptosis, was also assayed. 曟 . All were supplied by MyBioSource, Inc. USA. Then, they were washed and incubated with HRP-conjugated goat anti-rabbit IgG (Novus Biologicals, USA). Lastly, the blots were constructed using the enhanced chemiluminescence (BIO-RAD, USA catalog No. 170-5060), the band intensity of the target proteins was read by image analysis software after standardization by 毬 actin on the Chemi Doc MP imager (BIO-RAD, USA).
Determination of inflammatory parameters, GLP-1 and caspase-3
The colonic contents of IL-12 and 毬 -defensin, GLP-1 and caspase-3 were quantitatively analyzed by enzyme-linked immunosorbent assay (ELISA) kits which were obtained from MyBioSource, Inc. USA, (catalog No. MBS705214, MBS030876, MBS2501740 and MBS700575, respectively) according to manufacturer's instructions.
Determination of colonic iNOS by quantitative realtime PCR
Qiagen tissue extraction kit (Qiagen, USA, catalog No. PPR75758A) was used to isolate total RNA, and the obtained RNA purity was verified spectrophotometrically at OD 260/280 nm (Beckman, Spectrophotometer, USA). The reverse transcription of an equal amount of extracted RNA into cDNA was performed by using special RT-PCR kit (Fermentas, USA). Quantitative RT-PCR was accomplished by SYBR Green Master Mix (Applied Biosystems, USA) as the manufacturer designed. Briefly, 5 μL of cDNA was mixed with 5.5 μL RNase free water, 12.5 μL SYBR Green mixture and 2 μL of each primer in a 25 μL reaction volume. The used sequences of primers are shown in Table 1 . PCR conditions were adjusted as follows: 95 曟 (15 s) denaturation, 60 曟 (60 s) annealing and 72 曟 (60 s) extension for 40 cycles. Relative expression of the studied mRNA gene was evaluated by comparative Ct method. All values were normalized to 毬 -actin (the household gene) and recorded as fold change over background levels. 
Histopathological examination
Randomly selected colons from two to three rats of each group were examined histopathologically. Colons were fixed in 10% formalin overnight and incorporated in paraffin. Serial sections (4 μm thick) were incised, stained with hematoxylin/eosin and subsequently tested under a light microscope. Adobe Photoshop version 8.0 was used for capturing and processing images.
Statistical analysis
The data were expressed as mean ± SD. In order to compare the means, a one-way variance analysis (ANOVA) was used, followed by Tukey's multiple comparisons test. The significance level was established at P < 0.05. Graph Pad Prism software was the chosen program for statistical analysis.
Results
Body weight changes after treatment with PDTC and saxagliptin
Single rectal instillation of TAA (4% solution) caused body weight reduction [(55.00 ± 5.30) g]. Oral treatment with sulfasalazine for two weeks significantly improved TAA-induced decrease in body weight [(38.13 ± 4.50) g]. PDTC and saxagliptin also significantly decreased body weight loss to (33.00 ± 2.07) g and (35.25 ± 1.04) g, respectively (P < 0.05).
PERK, MAPK and CREB levels after treatment with PDTC and saxagliptin
Compared to the normal group, TAA significantly boosted colonic PERK, CREB and MAPK levels, whereas both PDTC and saxagliptin treatments prevented TAA-induced elevation in PERK, MAPK and CREB levels. Moreover, sulfasalazine treatment significantly decreased PERK, MAPK and CREB levels (Figure 1 ).
IL-12 and 毬 -defensin levels after treatment with PDTC and saxagliptin
The induction of UC significantly increased colonic IL-12 and 毬defensin contents, compared to the normal control group. Treatment with sulfasalazine, PDTC and saxagliptin revealed a marked decline in IL-12 and 毬 -defensin levels compared to TAA group (Figure 2 ).
iNOS activity after treatment with PDTC and saxagliptin
TAA-treated group increased iNOS activity significantly compared to the normal control, while treatment with sulfasalazine, PDTC and saxagliptin showed a significant decline in TAA-induced elevation in iNOS activity. Moreover, PDTC and saxagliptin treatments decreased significantly iNOS activity compared to sulfasalazine group (Figure 3 ). 
GLP-1 content after treatment with PDTC and saxagliptin
TAA decreased GLP-1 content significantly compared to the normal control, whereas all treatment showed an increase in GLP-1 content compared to the TAA-treated group. Moreover, PDTC showed a significant increase in GLP-1 content compared to sulfasalazine group (Figure 4 ). (Figure 6 ).
Caspase-3 level after treatment with PDTC and saxagliptin
Discussion
The first aim of medical remedy for UC is to enhance the quality of life with the least amount of steroids. The effectiveness of PDTC and saxagliptin in UC rat model was studied for 14 d compared to sulfasalazine. One of the symptoms of UC that leads to a decline in body weight is bloody diarrhea. The present study showed a marked drop in body weight following TAA administration, this was in line with a previous study [16] .
People with UC suffers from loss of appetite and animal models exhibit body weight loss, loose stool, bloody diarrhea or rectal irritation, and hematochezia [17] . PDTC improved symptoms and significantly increased body weight, as it decreased inflammatory signaling in the muscle. On the other hand, it enhanced protein turnover as it elevated protein synthesis in the muscle that is consistent with previous studies [18, 19] . In addition, suppression of NF-毷 B activity by PDTC reduces inflammation and enhances cell proliferation and tissue repair [19] . Saxagliptin, which increases the concentration of active GLP-1 and inhibits its degradation, caused a marked increase in body weight. Saxagliptin caused a decline in body weight drop via increasing appetite, insulin secretion and decreasing secretion of glucagon [20] , as dipeptidyl peptidase-4
inhibitors were found to facilitate the restoration of mucosal damage and the acceleration of healing [21] .
Transcription factor NF-毷 B has a vital role in inflammation and immunity, it is highly activated and expressed in macrophages and epithelial cells of inflamed gut. Besides, it causes transcription of multiple pro-inflammatory genes leading to increased TNF-毩, IL-1, IL-6 along with regulation of IL-12 and IL-23 expression [3] . The increased production in pro-inflammatory cytokines and chemokines leads to further exacerbation of inflammation and propagation of oxidative cascade causing DNA and cell damage [22] . NF-毷 B induces iNOS mRNA expression, therefore it enhances nitric oxide (NO) production [23] . NF-毷 B results in increased ROS production and ROS activates cell-signaling proteins including MAPK and ERK by modifying protein kinases [24] . In cellular processes, ROS oxidizes sulfhydryl (SH) groups of cysteine residues in protein kinases, and then activated protein kinases phosphorylate their target proteins.
Additionally, the transcription of various apoptosis-related genes such as caspase-3 mRNAs and caspase-3 protein is mediated by NF-毷 B expression [25] .
Results of this study revealed a remarkable increase in PERK in
UC which is in line with the study of de David et al [26] , as well as MAPK and CREB contents. Pathogenesis of TAA-induced UC is attributed to oxidative stress (OS), through its metabolism to a reactive metabolite which induces the production of ROS and causes OS [27] , this metabolite binds to macromolecules and then increases the production of ROS, which can cause DNA damage and protein dysfunction, gene mutations and finally cell dying. Accumulated ROS behaves as chemical messengers activating different pathways of signaling, like NF-毷 B, CREB, p38 MAPK and ERK [7] . The antioxidant properties and consequent inhibition of NF-毷 B pathway by PDTC and saxagliptin could be the main mechanism leading to significant declines in MAPK, PERK and CREB levels [18, 28, 29 ].
In the current study, TAA instillation increased IL-12 and 毬 -defensin compared to the normal control group. In UC, overproduction of proinflammatory cytokines is attributed to NF-毷 B pathway activation [1] .
However, PDTC and saxagliptin treatment significantly decreased IL-12 and 毬 -defensin levels. A previous study reported that NF-毷 B inhibitory effect of saxagliptin resulted in inhibition of both T-cell proliferation and cytokine production [30] .
Moreover, the TAA-induced UC showed a remarkable rise in iNOS activity, and this is consistent with that found in the study of Lukivskaya et al [31] . iNOS-mediated NO production causes immune response impairment, leading to chronic inflammatory diseases. In epithelial cells, UC is associated with up-regulation of iNOS that causes intestinal inflammation to be initiated and maintained [2] .
iNOS activity was decreased by PDTC and saxagliptin, and NO production was found to be decreased by PDTC due to the attenuation of the expression of iNOS [32] . In a recent study, saxagliptin was found to suppress the increased expression of iNOS, NF-毷 B pathway activation, along with NO and pro-inflammatory cytokine production [33] .
Apoptosis was recognized as a vital key in the UC pathogenesis.
Apoptosis starts by activating caspases that cleave specific proteins and trigger programmed cell death [34] . In this study, the group treated with TAA showed an increase in caspase-3 content, which is in line with a previous study [35] . But treatment with PDTC decreased caspase-3 content. Therefore, PDTC decreased apoptotic cell count, A B C D E increased the expression of anti-apoptotic factors and the apoptotic protease [25] . In addition, saxagliptin reduced caspase-3 content as previously reported in another study [33] . This effect may be attributed to GLP-1 which inhibited apoptosis in 毬 cells and enhanced its proliferation [36] by increasing anti-apoptotic gene expression, and this might be via NF-毷 B-dependent effect on apoptotic genes transcription [37] .
Compared to the normal group, a significant decline in GLP-1 level was found in the current study following TAA administration.
Inflammatory bowel disease is linked with elevated interleukins and pro-inflammatory cytokines production [38] . This can be useful for GLP-1 therapy in treating chronic inflammatory disorders since it suppresses inflammatory cytokines, increases anti-inflammatory mediators and suppresses tissues immune cells infiltration [39] , including T cell activation gene-3, macrophage colony stimulating factor, TNF-毩, IL-1毩 and stromal cell-derived factor-1 [40] .
Saxagliptin therapy ameliorates UC by increasing GLP-1 level.
These findings are in agreement with recent studies [21, 41] . Moreover, PDTC also increased GLP-1 levels. In chronic diseases such as diabetes, NF-毷 B is activated [42] . An earlier study reported that transfection was increased by incorporating of NF-毷 B binding sites into GLP-1 plasmid [43] , that increasing GLP-1 expression as the binding sites of NF-毷 B was occupied, so PDTC may increase GLP-1 level by its NF-毷 B inhibitory effect [44] .
In conclusion, the results show that PDTC and saxagliptin can provide anti-inflammatory effects, immunomodulation, and possibly antioxidant activity. Further studies are needed to evaluate and elucidate the effectiveness of PDTC and saxagliptin.
